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ELECTROPHORETIC STUDIES IN BULLOUS DISEASES. THE ELEC-
TROPHORETIC PATTERN OF ANIMALS INJECTED WITH SERUM
OR BLISTER FLUID FROM PATIENTS WITH BULLOUS DISEASE
MARIE H. BERG, Pn.D. AND ARTHUR C. CURTIS, M.D.*
The inquiry into the etiology of pemphigus and dermatitis herpetiformis
has been the subject of many authors. Some believe they have proven the pres-
ence of a transmittible agent (1, 2, 3, 4, 5, 6, 7) while others have had essentially
negative results (8, 9).
A different approach to the problem of transmittible agent was suggested
in the work of Bourdillion and Lennette (10, 11) who have shown that mice,
infected with influenza virus will give characteristic changes in the electro-
phoretic patterns of their sera. Since human sera show quite characteristic
changes in the distribution of protein in cases of pemphigus (12, 13), it might
be assumed that if there was a transmittible factor as the cause of pemphigus
it should show a different protein pattern in the scm of mice inoculated with
pemphigus scm or blister fluid.
METHOD
Seventeen groups of 16 white Swiss mice, each of a pure strain and inbred
for years at the University of Michigan Hospital, were injected intracerebrally
with 0.03 ml. of one of the two following mixtures:
A. Control groups B. Experiment groups
9 parts—10% rabbit serum saline 8 parts—10% rabbit serum saline
1 part —mixture of 5,000 units penicil- 1 part —penicillin-streptornycin mix-
un and 5 mgm. streptomycin ture
per ml. 1 part —serum or blister fluid from
patients with bullous dis-
eases
Each group consisted of both sexes and after injection the animals were isolated
so that a second generation could be obtained. Approximately four months after
inoculation the mice were bled directly from the heart under ether anesthesia
and the blood pooled and allowed to clot. After thirty minutes the blood was
centrifuged and the serum pipetted off. Depending upon the amount obtain-
able it was diluted 4 or 5 times with 0.1 molar veronal buffer solution of a pH
8.5 to 8.6. After two days' dialysis against the same buffer, the electrophoresis
was carried out in a Klett Tiselius apparatus with potential gradients from
6 to 10 volts/cm.2. There is usually hemolysis in mouse serum and since Moore
(14) points out the hemoglobin gives a rise in the globulin fraction in veronal
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buffer, a method was devised to calculate this increase and deduct it from the
pattern (15). A 100-watt 120-volt tungsten lamp was used as light source in
connection with an E22 filter, which gives satisfactory results even with a high
degree of hemolysis.
Since normal electrophoretic patterns on mice were needed for controls, 100
normal white mice of the same strain were bled and the blood pooled to give
serum for 7 electrophoretic analyses. Another group of 15 normal white mice
from a more sensitive strain (Yonkers) were also bled and subjected to electro-
phoretic analysis.
TABLE I
Eleclrophorelic Analysis Of Normal Mice Sara
NO. OF
oroura'
I
ALBUMIN
%
OLOBULIN %
B.I. /
0—10
A1O
0.93—1.48
a 5
428.6—21.9
7
3.3—10.7Range 46.2—55.01 6.19—27.
Mean 8 51.83 22.84 14.96 6.53 4.79 1.16
* Each group consisted of 15 mice.
Fin. 1. Eleetrophoretie patterns of mice sara, descending sides. A. Normal White Swiss
Mice U. Hospital, Ann Arbor, Mich. B. Mice Yonkers. C. Serum of mice injected with rahbit
serum saline.
DISCUSSION
The results of these investigations are compiled in Tables I to V. Table I
comprises averages and ranges of the percentages of the different proteins in
the sera of eight groups of normal white Swiss mice as evaluated by planimetry
of the descending side of the pattern obtained through scanning photography.
The group of mice originating from the Yonkers strain showed a slightly dif-
ferent pattern as can be seen in Figure 1.
Table II shows the result of electrophoretic analysis of three different groups
of mice injected with mixture A only. The mice were very irritable, their fur
roughened, their backs humped, they ate up their litters at the slightest provoca-
Fig. B Fig. C
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tion and two groups were lost through pneumonia and diarrhea. The electro-
phoretic patterns show a decrease in albumin with a decrease in A/G ratio.
Table III comprises the electrophoretic serum protein studies of ten groups
of mice that were injected with serum and blister fluid (0) from various pa
tients. Three groups of mice injected with sera from patients with pemphigus
foliaceus (p.f.) showed even better protein distribution than the mice injected
with rabbit serum saline alone, and so do those injected with sera from patients
TABLE II
Electrophoretic Analysis Of Sera From Mice Injected With Rabbit Serum Saline
NAME ALBUMIN
GLOBULIN %
B.I. % A/c
a I
Mean
a
b*
c
48.12
43.78
45.45
45.78
18.71
15.32
23.37
19.13
23.81
17.90
13.53
18.43
5.35
16.42
8.82
10.20
4.01
6.57
8.83
6.47
1.01
0.88
0.99
0.96
* The letter designation separates these groups so that their progeny could be studied
later.
TABLE III
Electrophoretic Analysis Of Sera From Mice Injected With Sera Of Patients With Bullous
Diseases
DISEASE NAME
GLOBULIN %
B.I. % A/G
al+aT 8 y
p.f. J.A. 49.13 22.67 10.65 7.55 10.00 1.20
p.f. D.L. 53.17 15.19 17.53 8.68 5.43 1.28
p.f. C.P. 63.75 14.60 12.35 9.30 0 1.75
p.a. F.F. 52.98 11.16 16.38 8.35 11.16 1.48
p.a. G.D. 54.45 13.61 20.28 3.88 7.78 1.44
d.h. W.L.° 50.20 26.95 13.30 3.85 5.70 1.12
d.h. S.Z. 54.02 14.15 16.58 10.85 4.36 1.30
d.h. S.Z.° 53.63 13.84 18.35 4.49 9.69 1.46
d.h.g. F.S. 50.02 21.27 14.22 6.04 8.45 1.20
e.m. M.W. 66.83 10.06 18.78 4.33 0 2.01
Mean 54.82 16.35 15.84 6.73 6.26 1.42
with pemphigus acutus (p.a.), dermatitis herpetiformis (d.h.), dermatitis herpe-
tiformis gestationis (d.h.g.), and erythema multiforme bullosum (e.m.). The latter
patterns show even an increase in albumin when compared to the group of normal
mice. However, all intracerebrally injected mice were irritable and many litters
were lost. Most of them had roughened fur and humped backs.
Tables IV and V show the quantitative protein distribution of the sera from
second-generation mice injected with mixtures A and B. Also here no charac-
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teristic changes in patterns can be found except in Group all1. These mice were
apparently ill and showed indications of pneumonia.
Besides the compounds Albumin, a, 3, and y globulin there is one distinct
boundary found in most runs on mice, B.I., which has been included in the pat-
tern but is not calculated into the A/G ratio. It was considered that it may
be the "a" boundary observed by Stern and Reiner (16) in the electrophoresis
of hemoglobin, which was suggested to be derived from the stroma of the red
cells. The degree of hemolysis and the amount of this boundary in our patterns,
TABLE IV
Electrophorelie Analysis Of Sera From Second Generation Mice Injected With Rabbit Serum
Saline
NAME ALBUMIN
GLOBULIN %
B.!. % A/C
a $ y
aII*l
aII*
aJJ*
biTt
Average
43.84
59.92
54.45
60.13
54.71
15.73
10.90
11.22
14.55
13.10
23.58
20.08
19.25
13.69
19.15
10.12
6.05
10.10
2.42
7.17
6.73
6.05
4.49
9.21
6.62
0.89
1.54
1.35
1.96
1.43
* The first three groups were progeny of group a Table II.
t This group was progeny of group b Table II.
TABLE V
Elect rophoretic Analysis Of Sera From Second Generation Mice Injected With Sera Or Blister
Fluid From Patients With Bullous Diseases
DISEASE NAME ALBUMIN
GLOBULIN %
% A/C
a 7
p.f.
p.f.
p.f.
p.f.
d.h.
d.h.
Mean
J.A.II
J.A.II
D.L.II
D.L.II
W.L.II
W.L.II
54.54
51.46
57.89
51.01
58.56
45.79
53.21
14.41
18.19
18.22
15.78
10.79
20.81
16.37
20.76
21.94
15.31
18.65
19.09
19.51
19.21
4.12
4.49
8.58
8.49
3.86
5.55
5.85
6.18
3.92
0
6.07
7.70
8.34
5.37
1.39
1.15
1.37
1.19
1.74
1.00
1.31
however, were in no quantitative relationship. Besides the above-mentioned
electrophoretic experiments we have injected the same mixture B into mice
of the more sensitive Yonkers strain. We also injected subcutaneously 0.1 ml.
of patients' serum containing 1/10 part of penicillin-streptomycin mixture into
ten mice of this strain. None of these mice has died as yet, two months after
injection. Guinea pigs injected with 1 ml. of serum from moribund patients with
pemphigus adutus are still alive three months after injection and do not show
signs of the disease.
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CONCLUSIONS
1. Mice injected intracerebrally with serum or blister fluid from patients
with bullous diseases showed no clinical symptoms different from those in mice
injected with rabbit serum saline.
2. The electrophoretic blood serum protein studies on mice, injected intra-
cerebrally with sera or blister fluids from patients with pemphigus, dermatitis
herpetiformis or erythema multiforme bullosum showed no changes compatible
with those occurring in the electrophoretic blood protein patterns of human
patients.
3. By the electrophoretic method of analysis of mice sera, no agent transmit-
tible to laboratory mice could be detected from sera or bullae of patients with
pemphigus, dermatitis herpetiformis or erythema multiforme bullosum.
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DISCUSSION
Dn. HARVEY BLANK. It is my understanding that the actual amount of gamma
globulin which is formed as specific antibody to an infection such as influenza
or herpes is very minute, and I wonder if this small amount of material could be
detected by electrophoretic studies. In some cases I know that one can absorb
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out all of these specific antibodies for an infectious agent without changing the
gamma globulin pattern noticeably. In other words, I wonder if this method of
analysis is sufficiently sensitive to rule out the presence of an infectious agent?
I, of course, agree with the author's conclusion that pemphigus is not an infec-
tious disease but I would like to raise the above questions.
DR. MARIE H. BERG: (Closing discussion). Infection in animals can modify
the electrophoretic pattern. Bourdillion and Lennette found that mice infected
with the influenza A virus developed an additional boundary with a mobility
between albumin and a globulin. When this fraction was isolated, it carried
the complement fixing antigen of influenza A virus.
